Factors determining hemoglobin carbamylation in renal failure.
Carbamylated hemoglobin (carhb) is formed by the reaction of hemoglobin with cyanate, a product of in vivo urea dissociation. It is found in high levels in patients with renal failure and may be useful in their clinical evaluation. Accordingly, we measured carhb by HPLC after acid hydrolysis in 73 patients with renal failure and 11 controls. Mean carhb levels (expressed as micrograms valine hydantoin/g Hb), were highest in chronic renal failure (CRF, 146 +/- 13), intermediate in end-stage renal disease on hemodialysis (ESRD, 106 +/- 7), and lowest in acute renal failure (ARF, 80 +/- 12) when compared to normal subjects (27 +/- 2). In all patients carhb was significantly correlated with BUN but not with creatinine, bicarbonate, or phosphate. For any level of BUN above 80 mg/dl, carhb was substantially higher in CRF than in ARF. Predialysis BUN and urea reduction ratio (URR) were significant predictors of carhb in ESRD. To investigate the effect of time of exposure and BUN level on the rate of carbamylation of hemoglobin, blood from normal subjects and dialysis patients was incubated in vitro with urea equivalent to BUN levels of 50, 100, 150, and 200 mg/dl and assayed for carhb at 0, 5, 9, and 14 days. Carhb increased linearly over the first nine days of urea exposure and leveled off thereafter. The rate of carbamylation increased as BUN increased and was significantly higher in hemoglobin from dialysis patients than from normal subjects. These results show that the higher the level of carhb at baseline, the higher the rate of carbamylation upon exposure to increasing urea concentrations. We conclude that carhb formation is dependent on urea concentration and length of exposure to urea. The rate of carhb formation for a given urea concentration is greater in hemoglobin already carbamylated, and this may explain why carhb is higher in CRF than in ARF at BUN levels greater than 80 mg/dl. Carhb may thus be a useful index of the duration and degree of exposure to high blood urea levels in patients with renal failure, and may potentially serve as an index of the adequacy of dialysis.